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A new multi-telescope scanning Raman lidar designed to measure the water vapor 3 mixing ratio for a complete diurnal cycle with high raw spatial (1.25 m) and temporal 4
(1 s) resolutions is presented. The high resolution allows detailed measurements of the 5 lower atmosphere and offers new opportunities for boundary layer research, 6 atmospheric profiling and visualization. This lidar utilizes a multi-telescope design 7 that provides for an operational range with a nearly constant signal-to-noise ratio, 8 which allows for statistical investigations of atmospheric turbulence. This new 9 generation ground-based water vapor Raman lidar is described, and first observations 10 from the Turbulent Atmospheric Boundary Layer Experiment (TABLE) are  11 presented. Direct comparison with in-situ point measurements obtained during the 12 field campaign demonstrate the ability of the lidar to reliably measure the water vapor 13 mixing ratio. Horizontal measurements taken with time are used to determine the 14 geometric characteristics of coherent structures. Vertical scans are used to visualize 15 nocturnal jet features, layered structures within a stably stratified atmosphere and the 16 internal boundary layer structure over a lake. 17 18
Introduction 1
The development of new instrumentation to probe the spatial characteristics of the 2 atmospheric boundary layer (ABL) is paramount to improving our understanding of 3 land-atmosphere exchange over complex terrain (Parlange, Eichinger et al. 1995 to the lake (Figure 3) , and a second with the wind blowing across the lake toward the 23 lidar ( Figure 4 ). Note that in both figures, the air above the land surface has a higherwater vapor mixing ratio. This is expected in the daytime as the land surface is much 1 warmer than the lake surface and the land surface supports an actively transpiring 2 crop of clover. Also in both figures, persistent flow features are visible independent 3 of wind direction, and support the idea that such humidity patterns are not specific to 4 certain surface roughness properties (e.g., corn field, harvested weeds, fallows, 5 clovers and trees) but are more universal. 6
The persistent flow features were first analyzed by correlating the observed 7 velocity vectors with the advected humidity structures in an attempt to tease out the 8 underlying physical mechanisms. In such a case, relationships between the humidity 9 structures observed with the lidar, and the wind vector components measured by 10 ultrasonic anemometers are expected. Furthermore, patterns in the velocity signal are 11 expected to advect across the experimental transect with the humid structures. A time 12
series of the lidar humidity data is presented alongside the fluctuating velocity 13 components at each tower in Figure 5 . Regions with a SNR<5 are displayed in black. 14 The relationship between the lidar data and these wind patterns is not obvious. 15
Ejection and sweep events do not correspond exactly in time to higher values of 16 mixing ratio lidar measurements, and there is no clear pattern that is advected from 17 one tower to another. For example, the two largest wind events at tower 3 (135 m in 18 the time-space lidar plot), correspond to a high humidity event (13:09) and a low 19 humidity event (13:23) respectively. 20
Since no clear pattern emerged from the analysis of wind vector components, A 21 geometric approach was adopted. With this approach, each coherent humidity 22 structure is identified and analyzed according to the approach summarized in Figure  23 6(a). In Figure 6 length. In the same vertical lidar scan, the internal boundary layer of the lake, trapped 22 inside the first layer, can be also seen. This observation is partially confirmed by the 23 shape of the first 100 m from the three vertical extracted profiles ( Figure ) . The wind 24 at 2.5 m above ground, measured with the cup and vane anemometer, is southeasterlyblowing across the lake. Thus, the first extracted profile should not be influenced by 1 the presence of the lake. The second profile was taken above the lake and exhibits 2 higher mixing ratios; likely due to the lake water vapor transfer. Finally the third 3
profile, taken downwind, shows a similar mixing ratio value at the ground as the one 4 taken before the lake. This last profile has a peak at ~70 m, corresponding to the lake's 5 water vapor internal boundary layer extent. The presence of an internal boundary 6 layer is expected at this time, as the lake surface temperature was higher than the 7 surrounding land surface and air temperature. 8
Lake internal boundary layer 9
The behavior of the development of internal boundary layers (IBLs) in the 10 atmosphere associated with the horizontal advection of air across discontinuities is a 11 subject of great interest and one in which there is still a great deal of scientific 12 uncertainty (Garratt 1990 ). The EPFL Raman lidar provides a tool to investigate the 13 spatial and temporal details of humidity with IBLs. Here, m = 1/7 and n =1-m for neutral stability flows, c =1.82, and x is the direction 12 along the land surface aligned with the mean wind and x = 0 is the dry to wet 13 interface position. Equation 2 is plotted on Figure 9 , and shows excellent agreement 14 with the observed internal boundary layer. It is interesting to note that this internal 15 boundary layer was captured at about 18:50, and appeared right after the change of 16 stability regime over the land, from unstable to stable. 17
Conclusion 18
The objectives of this study were to validate the multi-telescope design of the The vertical line of sight of the sodar is indicated by the dashed yellow line. The 5 white disks on the lake surface represent the hobo sensors used to measure the lake 6 surface temperature. Two sciltillometers were deployed along the blue dashed lines 7 and a tethered balloon provided profiles of humidity and temperature (not used in the 8 present analysis). The Sutton solution is shown in pink. At this time, the Obukhov length was -2.8 m 6 measured at Tower 2 (height of measurement 2.47 m). The vapor pressure deficit at 7
Tower 2 was 17 hPa. 
